Mesenchymal stromal cells, MSCs, show expression of specific antigens on their surface. The aim of the study is to assess the phenotype of stem cells like isolated from the umbilical cord with respect to the presence of surface antigens CD34, CD90, and CD105 and differences in the expression of surface antigens in cells isolated from freshly sampled material in comparison with the phenotype of cells from in vitro culture.
Background
Mesenchymal stromal cells (MSCs) are also known as stromal stem cells, mesenchymal stem cells, and adherent nonhematopoietic stem cells. These cells derive from one of the germ layers, and have the potential to differentiate into tissues originating from the mesoderm, although some sources report that their plasticity is higher and they have the potential to differentiate into tissues of other germ layers as well. This topic is still controversial. Initially, these cells were identified in the bone marrow as a second population distinct from the hematopoietic stem cells [1, 2] , but currently it is believed that these cells are present in almost every tissue of the adult body [3, 4] , as well as in "perinatal" tissues. MSCs have been identified in may tissues, including skin, adipose tissue, brain, skeletal muscles, heart, liver, pancreas, blood vessels, peripheral blood, retina, breast tissue, prostate, testes and ovaries [5] dental pulp, synovial fluid, hair bulb [6] , menstrual blood [7] , breast milk [8] , umbilical cord blood, placenta, and umbilical cord. Because of differences in number of cells present in various tissues and their different availability, several sources are currently used to obtain MSCs [4] .
The number of MSCs depends on the tissue where they appear, and the number of stem cells in the body decreases with age. It has been suggested that bone marrow MSCs may be involved in aging, although their role in this process remains unclear [1, 9, 10] .
There is no single characteristic parameter that can be used to identify MSCs. MSCs, although present in different tissues, do exhibit a variety of common features, including the ability of proliferation in vitro and adherence to the walls of plastic, and their appearance while growing is similar to fibroblast colonies. They show expression of specific antigens on their surface: CD44, CD71, CD73 (endoglin), CD90 (Thy-1), CD105 (ecto-5'-nucleotidase), CD166, and Stro-1, but they do not demonstrate expression of CD11, CD14, CD31, CD34, or CD45, although MSCs may also show CD34 [11] [12] [13] [14] . They are capable of producing and secreting proangiogenic, antiapoptotic, immune-stimulating, and proliferation-stimulating factors (including VEGF, M-SCF, HGF, GM-CSF, G-CSF, SDF-1, TGF-b, PGE-2, and interleukins 6, 8, 11, 12, 14, and 15) [9, 15] . It has been suggested that the common name of MSCs combines a heterogeneous group of mesenchymal cell potentials, including adipocytes, fibroblasts, osteoblasts, cells of adventitia, and pericytes [4, 12, 15, 16] .
In vitro studies show their relatively high proliferative potential, but it is not known whether they maintain the speed of division in vivo as suggested by some authors, or under physiological conditions in the body when they are in a "sleep mode" [17] .
MSCs were also found in adipose tissue, which seems to be a much better source of MSCs due to its availability (less invasive procedure to obtain them) and abundance, as well as the number of MSCs, which is higher in comparison with bone marrow [2] . Because of the slightly different characteristics of MSCs derived from adipose tissue, it is proposed to call them adipose-derived stromal cells (ADSCs). These cells have greater proliferative potential in vitro when compared with cells isolated from bone marrow. They also have antigens not present on the surface of MSCs [2, 4, 18, 19] .
Perinatal tissues such as umbilical cord (UC-MSCs), Wharton's jelly (WJCs), placenta, and umbilical cord blood are also a rich source of MSCs. Because they contain fetal mesenchymal stromal cells (fMSCs), they have a lower degree of maturity, greater proliferative potential, and broader differentiation potential. They seem to be an excellent source of therapeutic cells with enormous regenerative potential [20, 21] .
Umbilical cord Wharton's jelly has emerged as a good source of stem cells. According to several studies, cells obtained from this tissue have both the features of MSCs and characteristics of embryonic stem cells. MSCs have unique properties, including the high rate of proliferation, hyper-immunogenicity, broad multipotential, and anti-cancer properties, as well as the ability to modulate the immune response and secretion of cytokines that regulate apoptosis [22] . MSCs have been studied in the context of their use in therapy, but first it is necessary to better understand the phenotype of these cells and their physiological regulation in vivo and in vitro.
MSCs have the ability to differentiate mainly into cells of bone, adipose tissue, cartilage tissue, muscle tissue, and blood vessels [3] . According to numerous studies in cell cultures, using appropriate environmental conditions, growth factors, or culture vessels, it is possible to induce differentiation of these cells into a number of different cells, including cardiomyocytes, endothelial cells, chondrocytes, adipocytes, and muscle cells [15, [23] [24] [25] .
MSCs are used in therapy and the main therapeutic strategies associated with MSCs are related to their properties. The ability to differentiate into adipocytes, osteoblasts, and chondrocytes is used in regeneration of bones, cartilage, and muscles. The ability to secrete numerous cytokines is increasingly used in administration of MSCs to patients to improve functioning and regeneration of cardiac muscle after myocardial infarction. Transplantation of MSCs is also used in regenerating lungs, liver, or skin (e.g., after burns). The immunosuppressive potential of MSCs is utilized in organ and cell transplants, as well as in treating inflammatory diseases [15] . Numerous clinical studies using MSCs are currently being performed throughout the world.
It has not been clearly demonstrated if MSCs show increased plasticity in vitro, and are therefore capable of differentiating into cells from other germ layers in cell culture conditions [25, 26] . There is no unified system of nomenclature and classification for isolated MSCs. A universal characteristic pattern of expression of antigens on the surface of each class of stem cells have not been created, creating difficulty in comparing studies undertaken by different groups of researchers to identify isolated cells in different matrices [27] .
The aim of the study
The purpose of this study was to assess the phenotype of cells isolated from Wharton's jelly with respect to the presence of surface antigens CD34, CD90, and CD105. We also attempt to assess differences in the expression of surface antigens CD34, CD90, and CD105 in cells isolated from freshly sampled material in comparison with the phenotype of cells from in vitro culture.
Material and Methods
Umbilical cords were collected from 10 healthy patients who shortly before had given birth in the Department of Obstetrics and Pathology of Pregnancy of the Independent Public Teaching Hospital No. 1 in Lublin. The material was preserved in DMEM medium. The procedure of isolating cells started within approximately 30 min after collecting samples. Women's ages ranged from 24 to 33 years, the mean age was 29 years 8 months 12 days, and the median age was 30.5 years. 
Isolation of cells from Wharton's jelly from umbilical cords
Isolation of cells from Wharton jelly of umbilical cords was done through enzymatic digestion using collagenase type I (Sigma, USA). Isolation was conducted according to the following procedure: The umbilical cord immediately after birth was placed in a culture medium containing DMEM medium with L-glutamine and glucose, supplemented with 10% FBS and 1% antibiotic (as below). A fragment of the umbilical cord (about 10 cm long), was rinsed several times in sterile PBS supplemented with antibiotic (as below). Next, it was cut with a scalpel into 2-5-mm 3 pieces. Fragments of Wharton's jelly were placed in a sterile solution of collagenase type I (10 mg of collagenase/30 ml of solution) and digested for 2-3 h at 37°C. After incubation, samples were rinsed twice in PBS, followed by 10-min centrifugation at room temperature at 800 rpm (centrifuge 5810R f. Eppendorf). After rinsing, the cells were passed through a 100-µm sieve mesh to cleanse the mixture.
Cell culture
Cells isolated from the Wharton's jelly were cultured in vitro for up to 14 days in an incubator and in a suitable DMEM culture medium supplemented with 10% fetal bovine serum and 1% antibiotics. Cell culture conditions are shown in Table 1 Culture medium was changed every 3 days. In the end (P0), cells isolated from Wharton's jelly were mechanically removed from the walls of the culture vessel with a sterile cell scraper, and rinsed in PBS. The cells were then prepared for flow cytometry analysis.
Cytometric analysis
To assess the phenotype of cells, cytometric analysis was carried out, using a digital flow cytometer with a MoFlow XDP Beckman Coulter (USA) cell sorter and flow cytometer with vision in real-time FlowSight Amnis (USA). Quantification data with MoFlow XPD were acquired.
The following fluorescently labelled monoclonal antibodies were used to assess the phenotype of cells:
The samples were prepared according to the following protocol: Isolated cells/cultured cells were rinsed in PBS and centrifuged, then cell pellets were pipetted and resuspended in 200 µl of PBS without Ca and Mg ions (Biomed, Poland). The number of cells was determined using a TC20 Automated Cell Counter (BioRad) with trypan blue staining. Samples were adjusted to a concentration of 100 000 cells per ml, then we took 200 µl of the sample and added antibodies for surface antigens (CD34, CD90, CD105) in the amount of 10 µl of each antibody in a sample. Samples were mixed and incubated for 15 min at room temperature in the dark. We added 100 µl of lysis buffer (Versa Lyse, Beckman Coulter) to cell pellets to hemolyze the erythrocytes from the umbilical cord. Samples were mixed by shaking and incubated for 20 min at room temperature in the dark. After centrifugation, the supernatant was discarded and cell pellets were pipetted and resuspended in 200 µl of PBS without Ca and Mg ions.
Analysis of 10 000 events was recorded for each probe. Cells without any staining were used as a negative control and an isotype control was made. Single stained samples were used for compensation. FMO (fluorescence minus one) samples were used to determine the gating.
Statistical analysis
The means and standard deviations (SD) were calculated. Statistica software (StatSoft, Poland) was used to test whether data followed a normal distribution using the Shapiro-Wilke test. Statistical analysis was done using the unpaired t test and Pearson's correlation. Results were considered statistically significant at p<0.05.
Results

Microscopic analysis
As a result of the growing Wharton's jelly cell culture, proliferation capacity of cells was demonstrated in vitro, cells similar to fibroblast colonies were obtained, and the ability of cells to adhere to the plastic walls was shown. Cytometric analysis of cells tested showed the presence of CD90 and CD105 surface antigens, which are characteristic for MSCs, and CD34 antigen was observed as well. Microscopic assessment of cells was made in the course of culture. Figure 1A -1D presents photographs of WJC-CC from Wharton's jelly on days 9, 10, and 14 of in vitro culture.
We found that over 60% of cells in both groups showed expression of CD34 Table 2 and Figure 4 , 5B.
Discussion
While analyzing the phenotype of cells from Wharton's jelly, we observed that isolated cells, apart from high expression of antigens characteristic of MSCs, also show expression of CD34 antigen characteristic of hematopoietic stem cells.
Minimum criteria to be met by mesenchymal stromal cells were set by the Mesenchymal and Tissue Stem Cell Committee of the International Society for Cellular Therapy. MSCs have to demonstrate adherence to the plastic surface of culture vessels and must demonstrate expression of CD105, CD90, and CD73 but not CD34, CD45, CD14, CD79, and CD11b. The ability to differentiate in vitro into adipocytes and chondroblasts has to be demonstrated [28] . According to current knowledge, MSCs do not demonstrate CD34 expression or the percentage of CD34+ cells in a culture of MSCs does not exceed 2%. The presence of CD34 antigen is considered to be a characteristic marker of undifferentiated hematopoietic stem cells, whose expression decreases along with the increase of differentiation of HSC cells into progenitor cells. Apart from HSCs, CD34 expression is also demonstrated by endothelial stem cells and cancer stem cells.
Evidence of the CD34-negative nature of MSCs is based mainly on experiments carried out on cells from cell cultures, often on a fixed cell line\s, after many passages. However, there have been few studies on CD34 expression on MSCs in vivo. In recent years, there have been a few reports on the presence of CD34 antigen on cells other than hematopoietic MSCs. These studies refer mainly to fresh populations isolated from adipose tissues (ADSCs) [13, 29, 32] .
Studies suggest that MSCs present in tissues are CD34+, which is proved by the fact that freshly isolated cells with MSCs potential demonstrate CD34 expression, and its level decreases in proportion to the length of cell culture. The decrease in CD34 expression and its disappearance are results of cell culture rather than being the true nature of MSCs [13, 30] . 1892 cells using flow cytometry. Before starting cell culture in adherent conditions, they observed a significant proportion of CD34+ cells among the analyzed population. They sorted the isolated population into 2 groups of cells, CD34+ and CD34-, then they cultured them in vitro. After approximately 7 days, before a passage in CD34+ group of cells, they noticed that some of the cells lost CD34 antigen. After 21 days, they did not observe any difference in the morphology of CD34+ and CD34-cells. In culture of CD34+ cells, they noticed a higher number of colonies formed, which suggests that CD34 expression on cells from adipose tissue correlates with replication potential of these cells. It was also shown that both populations are able to migrate under the influence of the stimulation of growth factor and to form capillary networks. Higher expression of markers characteristic of endothelial progenitor cells was observed in the CD34+ population. Moreover, they suggested that a decrease in CD34 expression in the CD34+ cell population after 7 days of cell culture does not contribute to the change in their functionality. CD34 expression in cells with potential of MSCs from adipose tissue might be responsible for immaturity of the cell, its primordiality, or state of non-differentiation, and the decrease in CD34 expression in these cells is caused by a physiological process of maturation and differentiation in specific cell lines [31] . These studies suggest that high CD34 expression in cells other than HSCs may be typical of immature and undifferentiated cells.
The present study showed the presence of CD34 on cells freshly isolated from Wharton's jelly, whereas CD34 expression was lower in cells cultured in vitro.
Kaiser et al. researched the in vivo phenotype of MSCs in bone marrow, with respect to expression of antigens CD34 and CD45. They sorted cell populations into CD34+ and CD34-, then cultured them in adherent conditions. The researchers observed that the CD34+ population of cells from bone marrow in adherent conditions show the ability to form colonies (CFU) and the growth of fibroblast-like cells. To confirm the phenotype of MSCs, their ability to differentiate into chondrocytes and adipocytes was verified as well. They proved that BMSCs CD34+ have the potential of MSCs. They also demonstrated that the population placed in in vitro culture lost CD34 expression [32] .
In their studies, Busser et al. also observed differences in the phenotype of freshly isolated MSCs in comparison with cultured cells. They demonstrated that freshly isolated mesenchymal cells from bone marrow and MSCs from adipose tissue show CD34 expression [2] .
Perinatal and fetal MSCs are extremely popular among scientists due to their proven greater ability of proliferation and broader differentiation potential, as well as an increase in immunosuppression and therefore greater therapeutic potential when compared to MSCs from adult tissues such as adipose tissue antigen as a positive marker for the fetal MSCs and sorted 2 cell populations, CD34+/CD45-/CD31-and CD34-/CD45-/ CD31-, which were then cultured. After 7 days, formation of colonies was observed in both groups, and after 14 days both populations showed characteristics of MSCs, including the ability to differentiate into lines of osteoblasts and adipocytes. After FISH analysis aimed at assessment of sex chromosomes X and Y in both studied groups, it was found that 100% of sorted CD34+ MSCs are of fetal origin, whereas 100% of the population of mesenchymal CD34-stromal cells originate from the mother. The research shows that fresh MSCs isolated from the placenta demonstrate CD34 expression that declines in the course of culture. Furthermore, it was proved that the population of mesenchymal CD34+ stromal cells isolated from the placenta is of fetal origin and therefore is characterized by greater proliferation potential and broader differentiation potential [36] . Previously, Parant et al. suggested that CD34+ cells in the placenta are non-hematopoietic fetal cells of endothelial origin [37] .
Trivanović et al. observed a high percentage of CD34+ cells (over 40%) in mesenchymal cells isolated form the umbilical cord and peripheral blood and suggested that cells from perinatal tissues may have a lower differentiation level and higher proliferation potential [3] . In another study, the same group demonstrated high CD34 expression in MSCs from adipose tissue surrounding the breast. They found that CD34 expression was not a result of the early passage of cells. It probably depends on the location from which adipose tissue was sampled [38] .
In our study, adherent cells isolated from Wharton's jelly, using enzymatic digestion with collagenase type I, demonstrated high expression of CD105 and CD90 antigens, and showed the presence of CD34 in more than 60% of these cells. In the course of the culture, we found the ability of cells to proliferate in vitro and to adhere to plastic walls. The appearance of cultured cells was similar to that of fibroblast colonies. Expression of SOX9 gene was demonstrated in MSCs; this gene is characteristic of differentiation of cells into chondrocytes (our own unpublished studies). We concluded that cells from Wharton's jelly are mainly MSCs. After 14 days of cell culture (P0), cells from Wharton's jelly are characterized by a decrease in the number of CD34+ cells, whereas the number of cells demonstrating expression of CD105, CD90, and CD105/CD90 co-expression increased significantly, suggesting variability of populations in the course of cell culture in adherent conditions. In cultured cells, there was also an increase in cells characterized by co-expression of CD34/CD90 and CD34/105, which confirms the possibility of occurrence of endothelial stem cells in the material isolated from Wharton's jelly. This hypothesis, however, requires verification by analyzing antigens characteristic of endothelial stem cells (CD31+/CD34+) and hematopoietic stem cells (CD34+/CD45+) in the studied material.
Conclusions
Our study confirms results obtained by other groups suggesting that adherent cells from Wharton's jelly demonstrate MSCs potential and CD34 expression in vivo. Moreover, the phenotype of MSCs, mainly in the context of CD34 expression, may vary depending on the place of collection and the duration of growing the cell culture.
The lack of established surface antigens that characterize MSCs in vivo significantly impedes their correct identification and isolation. There is a need for more research on freshly isolated cells and assessment of their phenotype before growing in culture.
